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Transformation of the simple hydrocarbon cyclooctatetraene into
a variety of polycyclic skeletons was achieved by sequential
coordination to iron, reaction with electrophiles followed by allylated
nucleophiles, decomplexation and olefin metathesis.
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The ability to rapidly generate diverse molecular complexity is
one of the foundations of diversity-oriented synthesis (DOS).1 Within
the general build/couple/pair (B/C/P) or functional group pairing
strategy described by Schreiber and Nielsen2a and Porco et al.,2b the
introduction of folding pathways allows for the transformation of
different substrates into different scaffolds using a common reagent,
while branching pathways allow for the transformation of a single
substrate into different scaffolds with different reagents.1b,2c From the
infancy of DOS, olefin metathesis has played a prominent role in
folding pathways, more recently including domino sequences of ring
closing and/or ring opening metatheses.3 The DOS approach has lead
to the discovery of molecules exhibiting anti-MRSA activity,4a,b or in
vitro cytotoxicity against A549 lung carcinoma.4c As part of our interest
in the generation of molecular complexity from simple hydrocarbons,5
we herein report the preparation of a variety of carbocyclic and
heterocyclic structures from cyclooctatetraene (COT) using (dienyl)iron
and olefin metathesis methodology.
Tricarbonyl(cyclooctatetraene)iron 1, readily prepared from
COT, reacts with a variety of electrophiles to form (dienyl)iron cations
2–4 (Scheme 1).5a,7 Reaction of 2–4 with either the anion (5) derived
from dimethyl allylmalonate, or the anion (6) derived from
(allyl)tosylamine, followed by oxidative decomplexation8 gave the
racemic polyenes 7–12 respectively. These transformations may be
regarded as branching pathways in diversity oriented synthesis. The
structural assignments for 7–12 are based on their NMR spectral
data.9 In particular, signals at δ 6.0–6.2 (1H) and 5.8–5.9 ppm (1H) in
the 1H NMR spectra of 7 and 8 are characteristic of the olefinic protons
H-6/H-7 in the bicyclo[3.2.1]octa-3,5-diene skeleton;5b signals at δ
0.65–0.75 (1H), 1.1–1.2 (1H), 5.3–5.45 (1H), 5.6 (1H) and 6.1 ppm
(1H) in the 1H NMR spectra of 9 and 10 are characteristic of the H-8
and H-8′ cyclopropane protons, and the olefinic protons H-4, H-5, and
H-6 respectively;5a while signals at δ 3.4–3.6 (1H, br m), 6.1 (1H, dd)
and 6.3–6.4 ppm (1H, d) in the 1H NMR spectra of 11 and 12 are
characteristic of H-6, H-8, and H-9 of a styryl-substituted
cycloheptadiene.10
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Scheme 1 (E = CO2Me).
The presence of olefins in the free ligands 7–12 offers the
possibility of ring rearrangement metathesis (RRM).11 Ring
rearrangement metathesis occurs without the formation of a byproduct olefin, and as such these reactions may be considered an
equilibrium between two isomeric structures. For this reason,
substrates which undergo successful RRM reactions generally embody
a degree of strain; this strain energy is released upon the
rearrangement. To this end, reaction of 7 or 8 with Grubbs’ 1st
generation catalyst led exclusively to the RRM products 13 or 14
respectively (Scheme 2). Epimerization at C-10 of 13 or 14, under the
reaction conditions or during spectroscopic characterization, was not
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observed. The structural assignments for these products are based on
their NMR spectral data. In particular, signals at δ 41.4, 51.3, and
62.1 ppm in the 13C NMR spectrum of 13 are characteristic of the C-2,
C-5, and C-1 carbons of a substituted dimethyl 3-cyclopentene-1,1dicarboxylate,12 while the signals at δ ∼3.4 ppm (t) in the 1H NMR
spectrum of 13 and 14 are characteristic of H-9.13

Scheme 2 (G-I = (PCy3)2Cl2Ru CHPh).
Similarly, exposure of 9 to Grubbs’ 1st generation catalyst gave the
ring rearranged product 15 (Scheme 3). The presence of the
substituted dimethyl 3-cyclopentene-1,1-dicarboxylate ring is evident
by comparison to the 13C NMR spectral data for 13. In addition, signals
at δ 6.04 (dt, J = 0.9, 10.9 Hz) and 6.71 (dddd, J = 0.9, 10.2, 11.3,
16.7 Hz) are characteristic of H-2 and H-3 of a 1,3-Z-butadien-5-yl
sidechain.14 In contrast, reaction of 10 with Grubbs’ 1st or 2nd
generation catalyst gave only self-metathesis dimer 16, as an
inseparable mixture of dl- and meso-diastereomers. The structure of
16 was assigned on the basis of its NMR spectral data. In particular
many of the signals in the 1H NMR spectrum of 16 are remarkably
similar to those of 8, the primary difference being the absence of
signals corresponding to a mono-substituted olefin and the appearance
of a narrow multiplet at δ 5.80–5.85 (2H) corresponding to the new
1,2-disubstituted double bond. In addition, the presence of a signal at
δ 130.5 ppm in the 13C NMR spectrum of 16 (instead of a signal at ca.
δ 117–119 ppm) indicated the presence of the self-metathesis olefin.
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Scheme 3 (E = CO2Me; G-I = (PCy3)2Cl2Ru CHPh).
The difference in reactivity between 9 and 10 toward G-I catalyst may
be rationalized on the basis of the allylmalonate group of 9 compared
to the (allyl)tosylamine group of 10. Hoye and co-workers have
previously noted that the allylmalonate group is particularly effective
as an activator for initiating relay ring-closing metathesis (RRCM).15
These authors suggested that the rate-determining step in some RRCM
reactions is the decomplexation of the product olefin (i.e. a
cyclopentene ring), and that this decomplexation was more rapid for a
cyclopentene ring with a sterically bulky dicarboxylate substitution
pattern. In the present case initiation generates the Ru-carbene A
(Scheme 4). Two pathways are available to this intermediate: either
reversible intramolecular equilibration to afford intermediate E, or
irreversible self-metathesis dimerization. According to Hoye's proposal,
the rate of decomplexation of D [X = C(CO2Me)2] is rapid (i.e. koff is
fast), and thus E reacts with 9 to give the ring rearranged product 15
and regenerate intermediate A. Conversely, intermediate D [X = NTs]
undergoes decomplexation at a slower rate leading to the eventual
irreversible self metathesis and concomitant formation of ethylene via
the methylene carbene complex [(Cy3P)Cl2Ru CH2].
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Scheme 4 (E = CO2Me; G-I = (PCy3)2Cl2Ru CHPh).
The substrates 11 or 12 contain a number of potential sites for olefin
metathesis. In contrast to the reactions of 7–10, exposure of 11 to
Grubbs’ 1st generation catalyst led to the ring-closed product 17
(Scheme 5). The structural assignment for this product as the Δ6,7
isomer is based on its NMR spectral data. In particular, the 1H NMR
spectrum of 17 integrates to 18 Hs; five of which are olefinic.
Furthermore, the 13C NMR spectrum of 17 consisted of 15 signals with
five olefinic methine carbons and one quaternary olefinic carbon. The
reaction of 12 with Grubbs’ 1st generation catalyst led to a complex
mixture of products; use of Grubbs’ 2nd generation catalyst gave the
2-azabicyclo[4.4.1]undeca-5,7,9-triene 18, which slowly underwent
decomposition in solution. Olefin isomerization has previously been
observed as a competitive side reaction of Ru-catalyzed olefin
metathesis.16 Presumably the thermodynamically more stable Δ6,7
isomers 17/18 are formed by isomerization of the initially formed Δ7,8
isomer 19.
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Scheme 5 (E = CO2Me2; G-I = (PCy3)2Cl2Ru CHPh; G-II =
(PCy3)(IMes)Cl2Ru CHPh).
In summary, diverse molecular complexity may be generated in 5–6
steps by sequential reaction of (COT)Fe(CO)3 with an electrophile,
followed by an allylated nucleophile and decomplexation (branching
pathways), and olefin metathesis (folding pathway). The outcome of
these reactions depends on the nature of the electrophile and
nucleophile used. Applications of this methodology to target molecule
synthesis will be reported in due course.
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